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ABSTRACT 
Objectives: To characterize by restriction fragment length poly- 
morphism (RFLP) patterns, the distribution of different Myco- 
bacterium tuberculosis strains isolated consecutively from 75 
tuberculosis patients who resided in Prague and had culture- 
confirmed cases during a 4-month period in 1995. 
Methods: The insertion sequence IS61 IO-based RFLP analy- 
sis of M. tuberculosis isolates was carried out. 
Results: There were a total of 75 patients with various forms 
of tuberculosis (54 males; 21 females). The sources of M. tuber- 
culosis isolates were sputum (n = 64), pleura or lymph node 
drainage (n = 8), and urine (n = 3). Fifty-three of the patients 
(70.7%) had isolates with unique RFLP patterns, while 22 
(29.3%) had isolates that belonged to seven clusters of related 
RFLP patterns. The seven clusters consisted of four groups of 
two patients, two groups of four patients, and one group of six 
patients. Most of the patients whose isolates fell within a clus- 
tered RFLP pattern lived in different quarters of the city and had 
no identifiable contacts with other patients whose isolates had 
the same pattern. 
Conclusions: The finding that isolates from most patients 
(70.7%) had unique rather than clustered RFLP patterns sug- 
gests that endogenous reactivation rather than exogenous 
transmission is the major determinant of most of the tuber- 
culosis cases in Prague. The occurrence of seven distinct 
clusters comprising 29.3% of the isolates suggests that approx- 
imately one third of cases developed active tuberculosis from 
recent exogenous transmission. 
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The Czech Republic is located in Central Europe between 
Germany, Austria, Hungary, Slovakia, and Poland. The 
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country has a low incidence of tuberculosis compared 
with other former socialist and Soviet republics.’ The 
notification rate of all clinical forms of tuberculosis was 
20.2 per 100;OOO population in 1991, and the annual inci- 
dence of culture-confirmed tuberculosis cases fell from 
16.8 in 1985 to 11.0 per 100,000 population in 1993. 
The mortality rate from tuberculosis was 1.0 per 100,000 
in 1991.” 
Prague, the capital of the Czech Republic, was cho- 
sen for this investigation, because this metropolitan area 
of more than 1.2 million people is the most densely pop- 
ulated region in the Czech territory and has the highest 
incidence of tuberculosis (15.6 bacteriologically proven 
cases per 100,000 in 1994). 
The aim of the present study was to characterize the 
distribution of different Mycobacterium tuberculosis 
strains isolated from patients in Prague during a 4-month 
period in 1995, using a standardized molecular strain typ- 
ing method. This point-prevalence analysis of tuberculo- 
sis patients may provide a basis for estimating the relative 
importance, in this community, of recent transmission 
versus reactivation. This study was conducted within the 
framework of a World Health Organization (WHO)-coor- 
dinated nation-wide surveillance project on drug resis- 
tance of M. tuberculosis.3 
MATERIAL AND METHODS 
Mycobacterial Isolates 
A total of 75 M. tuberculosis strains were collected by the 
Tuberculosis Diagnostic Laboratory of the Metropolitan 
Hygiene Institute. These strains were obtained from the 
same number of individuals residing in Prague and diag- 
nosed consecutively as new culture-confirmed tubercu- 
losis cases between January 1 and April 30, 1995. The 
isolates were subcultured on Lowenstein-Jensen media 
and transported to the Division of International Medi- 
cine, Cornell University Medical College in NewYork, NY, 
with the permission of the United States Centers for Dis- 
ease Control and Prevention (PHS Permit No. 95-737-2). 
Patient Demographic Characteristics 
Patient information, provided by collaborating laboratories, 
was compared with data maintained in the Information 
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Table 1. Demographic Characteristics of Patients, Source of 
Materials, and Drug Susceptibility of Strains Examined 
Clustered Nonclustered Total 
Characteristic 
Mean age (y) 
Males 
Age range (Y) 
Mean age (y) 
Females 
Age range (Y) 
Mean age (y) 
Quarter of residence 
9 
10 
Source of isolate 
Sputum smear (+) 
Sputum smear (-) 
Sputum total 
Drainage 
Urine 
Strain resistant to: 
52.6 
19 (25) 
29-72 
48.4 
3 (4) 
73-89 
79.7 
3 
7 
4 
54.3 53.8 
35 (47) 54 (72) 
21-92 21-92 
49.6 49.2 
18 (24) 21 (28) 
26-87 26-89 
63.4 65.7 
3 
2 
6 
10 
2 
4 
6 
2 
11 
18 
2 
2 
Rifampicin 0 
RifamoicirVisoniazid 0 
Rifampicin/isoniazid/ 0 
ethambutolktreptomycin 
22 29 (45) 
24 35 (55) 
46 64 (100) 
6 8 
1 3 
2 
2 
6 (8) 
3 (4) 
7 (9) 
17 (22) 
6 (8) 
8 (11) 
5 (7) 
7 (9) 
8 (11) 
8 (11) 
2 
1 
2 
System of Bacillary Tuberculosis (ISBT), operated by the 
National Reference Laboratory for Mycobacteria; it also 
was verified by reviewing records kept at respective ter- 
ritorial tuberculosis and pneumonology clinical depart- 
ments. Information such as age; sex; residence in the city, 
including quarter and street names; date of laboratory 
examination; and source of the clinical specimen were 
recorded. 
Molecular Strain ‘Qping Procedure and Definitions 
Restriction fragment length polymorphism (RFLP) analy- 
sis was performed according to a standardized IS6110 
insertion sequence-based procedure described by van 
Embden et a1.*s5 Briefly, the mycobacterial DNA was 
extracted, digested with PvuII, resolved by agar gel elec- 
trophoresis and transferred by Southern blot to a nylon 
membrane. The target DNA, representing the repetitive 
element, 1~6110, was hybridized with a probe generated 
by polymerased chain reaction @‘CR)-amplified sequences 
within ISGIZO. In each gel, DNA was included from two 
reference strains: the H37Rv strain of M. tuberculosis and 
a clinical isolate that yielded regularly spaced bands. 
Supercoiled DNA ladder and lambda DNA/Win&I frag- 
ments (Life Technologies, Gaithersburg, MD) were also 
included in each gel as molecular weight markers. The 
IS6110 bands in the membrane were visualized by a 
chemiluminescent method, according to manufacturer’s 
instructions (Boehringer Marmheim, Germany). The RFLP 
patterns of the different isolates were compared visually 
and using computer software (GelCompar, Applied Maths, 
Kortrijk, Belgium). If there was any uncertainty of simi- 
larity of patterns generated by multiple strains, the pro- 
cedure was repeated and the samples were run on the 
same gel. 
Clustered RFLP patterns had IS61 10 bands that were 
identical in number and molecular size with up to two 
additional bands. Unique RFLP patterns were deemed 
unrelated and hence nonclustered. As in previously 
reported studies, strains with clustered patterns were 
assumed to be isolates from patients with tuberculosis 
who had recently acquired the infection, whereas strains 
with unique patterns were assumed to be isolates from 
persons who had reactivation of tuberculosis after hav- 
ing acquired the infection in the remote past.4’ 
RESULTS 
Patient Characteristics 
Between January 1 and April 30,1995, the ISBT received 
reports of 77 patients, with permanent residence in 
Prague, who were diagnosed with culture-proven tuber- 
culosis. A total of 75 viable isolates were available from 
these patients for RFLP analysis. These patients repre- 
sented 43.6% of the total cases of culture-confirmed 
tuberculosis that were reported in Prague in 1995 (14.3 
per 100,000 population). There were 54 males (median 
age, 49.2 y; range, 21-92 y) and 21 females (mean age, 
65.7 y; range, 26-89 y). The patients came from all city 
quarters, and more than 50% resided in the four most 
densely inhabited districts. The sources of specimens 
included sputum (n = 64; 29 [45%] samples were both 
smear and culture positive and 35 [55%] were positive by 
culture only), pleura or lymph node drainage (n = S), and 
urine (n = 3) (Table 1). 
Microbiologic Analysis 
All the isolates were identified as M. tuberculosis by the 
Czech standard methods (morphology no growth at 37°C 
positivity by nitrate and niacin tests) and were tested for 
susceptibility to isoniazid, streptomycin, rifampicin, and 
ethambutol, using the Canetti-Grosset proportion 
method.8 Seventy strains (93.3%) were susceptible to all 
drugs, two were resistant to ritampicin, one to isoniazid 
and rifampicin, and two showed resistance to all drugs 
tested. 
The M. tuberculosis “fingerprinting” showed that iso- 
lates from 53 patients (70.7%) had a unique RFLP pattern, 
whereas 22 (29.3%) had isolates with related patterns in 
seven different clusters (Figures 1 and 2). Four clusters each 
consisted of isolates from two patients (living in different 
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Figure 1. RFLP patterns of clustered clinical isolates. 
distant city quarters), two each consisted of isolates from 
four patients (two patients in both clusters lived in the 
same quarter, but had no known close contact), and the 
last cluster consisted of six patients (three were from the 
same city quarter, but had no known close contact). The 
mean age of patients infected with the cluster pattern 
strains was 52.6 years compared to 54.3 years for those 
with noncluster pattern strains. 
DISCUSSION 
The DNA fingerprint profiles obtained in the present 
study yielded patterns that were similar to those recorded 
in previous analyses of selected Czech M. tuberculosis 
isolates. They were characterized by a polymorphic band- 
ing pattern of a relatively low number of IS6110 copies 
ranging from 5 to 15 and the absence of any isolates with 
a single copy of ISGl10. 9~10 In contrast to previous stud- 
ies that focused on the RFLP analysis of randomly selected 
drug-resistant strains and on identification of sources of 
infection in family and institutional outbreaks of tuber- 
culosis, the present study was aimed at establishing a 
point-prevalence distribution of various RFLP types cir- 
culating in the community with the highest incidence of 
tuberculosis in the Czech Republic. 
Figure 2. RFLP patterns of nonclustered clinical isolates. 
The sample, representing 97% of all patients identi- 
fied in a 4-month period in 1995, most likely is repre- 
sentative of the present epidemiologic situation of 
tuberculosis in the city of Prague: a high incidence of 
bacteriologically verified disease, preponderance of older 
age groups in both male and female, even distribution 
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over all city quarters, absence of imported cases, absence 
of human immunodeficiency virus o+eropositive India- 
viduals,” and a low level of drug-resistant strains. How- 
ever, it should be emphasized that the national 
tuberculosis program has been based predominantly on 
passive symptomatic case fmdings; active surveillance for 
new cases among risk groups, including immigrants, 
homeless people, drug abusers, HIV-seropositive persons, 
and others has not been implemented in the Czech 
Republic. Nevertheless, the data on both descriptive and 
molecular epidemiologic features that were obtained in 
this study probably reflect the typical pattern of tuber- 
culosis in Prague and can be considered as a starting 
point for comparative analyses in the future. 
The above mentioned features, particularly the rela- 
tively high average age of patients, absence of apparent 
family and institutional outbreaks, and a very low preva- 
lence of the HIV infection suggested that endogenous 
reactivation rather than exogenous transmission was the 
major determinant of most of the cases. Using the pre- 
sumptions made from the RFLP data, this mechanism 
could be supported in 70.7% of patients, which was the 
proportion of strains found to have unique RFLP patterns. 
The occurrence of seven distinct clusters comprising 22 
of the isolates suggests that nearly one third of the tuber- 
culosis cases studied developed active disease from a 
recent exogenous transmission. However, inability to iden- 
tify patient contacts among the strain clusters is consis- 
tent with the fact that some of the RFLP profiles in the 
clusters differed in up to two additional bands. They may 
be part of a true strain cluster pattern in the Prague com- 
munity, and these cluster types may represent the 
endemic low level background in this population. As has 
been observed in American cities, increases in the inci- 
dence of tuberculosis may be associated with an elevated 
percentage of the clustered RFLP types, indicating recent 
exogenous transmissions.7~12~13 
It has been reported recently that cluster pattern 
strains with no apparent epidemiologic relation may be 
identified from geographically dispersed areas in rural 
areas with stable populations and low numbers of high- 
risk patients.‘* Although Prague is a large urban com- 
munity, the patients represented by this study had lived 
in the city for a long time, and therefore, it is possible 
that the cluster pattern strains identified in this study 
may not necessarily represent isolates from a recent 
exogenous transmission. This is supported by the obser- 
vation that the mean age of the patients with cluster pat- 
tern strains and noncluster pattern strains was similar, 
and greater than 50 years. It would be necessary to com- 
pare the RFLP patterns of isolates from earlier years to 
determine how representative the isolates from the 4 
month period in 1995 is of the current transmission pat- 
terns of tuberculosis in Prague. An ongoing study 
including a larger number of isolates may help clarify 
the relation between RFLP patterns and the pattern and 
timing of tuberculosis transmission. 
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